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ABSTRACT
AIM: The aim of this research is to demonstrate the necessity of CBCT – examination for evaluation of the 
surgical approach of high-risk impacted lower third molars. As “high-risk” we defined lower third molars 
which have signs of proximity to the mandibular canal seen on standard panoramic radiography.
MATERIALS AND METHODS: All patients who had undergone a CT examination between September, 
2015 and October, 2016 were reviewed. We included images from cone beam computed tomography made in 
the Department of Radiologic Diagnostics, University Medical and Dental Centre of the Medical University 
of Varna. The device used was Planmeca ProMax 3D Max with software for images Planmeca Romexis. We 
chose 100 images randomly. From these images we selected 39 images with high-risk lower third molars. We 
examined different signs with which we defined the exact position to the mandibular canal of 60 wisdom 
teeth and we managed to asses the risk of damaging the IAN during a classical odontectomy of these teeth. 
In the research we included the panoramic radiographs of 20 patients from these 39 cases.
RESULTS: From the examination of the CBCT images we found: 28 lower third molars where the mandib-
ular canal runs apical and has contact; 11 where the mandibular canal runs apical in contact with the tooth 
and penetration of the apices of the tooth is seen; 10 where the mandibular canal runs buccal with contact; 
8 where the mandibular canal runs lingual with contact; 3 where the mandibular canal runs between the 
roots touching one/both of them. In three of the cases we found severe deviation of the root apices. 
From the examination of the panoramic radiographs we found: 5 cases with darkening of roots in the apical 
area; 8 with interruption of the white line (lamina dura) of the mandibular canal; 1 with diversion of the 
mandibular canal with/without narrowing of the mandibular canal; 6 without any of these three signs.
CONCLUSION: The development and rapid com-
mercialization of new technologies like CBCT al-
lows us to have precise images and exact diagnosis 
of the diseases in the oral and maxillofacial area. 
Our study confirmed the high diagnostic value of 
CBCT regarding to precise the position of the low-
er third molars to the mandibular canal and IAN. 
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INTRODUCTION
The retention of the third lower molars is a 
common problem in the daily dental practice. The 
incidence in the different populations is between 
9.5% (1) and 25% (2). The belief is that the main rea-
son for retention of these teeth is insufficient space in 
the retromolar area (3,4). 
Extraction of third molars is a routine proce-
dure in maxillofacial surgery, whether for prophylac-
tic or for orthodontic reasons. Usually there is little 
risk to adjacent structures, although in some cases 
there may be complications owing to the intimate re-
lationship between the roots of the third molars and 
the mandibular canal and/or the mandibular lingual 
cortex. For the patient this is expressed with tempo-
rary or permanent neurological disturbances which 
affect the skin and mucosa of the lip and chin of the 
relevant side.
Panoramic imaging is the standard radiologic 
examination to evaluate the anatomic relationship of 
third molars and the IAN. Although the panoram-
ic radiograph is a useful screening tool for assessing 
the anatomic relationship between third molars and 
the IAN, it is imperfect. The panoramic radiograph 
is a two-dimensional examination which shows su-
perimposition of shadows from different bone struc-
tures and high incidence of artifacts. These are some 
of the reasons which show that the panoramic radio-
graph does not have a high value when we talk about 
the risk assessment of damage the IAN during surgi-
cal extraction of impacted tooth (9).
This determines the necessity to use CBCT 
which shows three-dimensional (3D) images of den-
tal structures in addition to providing clear structur-
al images with high contrast. Cone beam CT (CBCT) 
is a radiographic method that has been used increas-
ingly in several areas of dentistry. CBCT provides ad-
equate image quality associated with a lower expo-
sure dose, fast scanning time, lower number of arte-
facts and real-time image analysis (10,11).
The precision of the images and possibility for 
three-dimensional orientation proves the extreme 
need of CBCT examination when ahead is a surgical 
treatment of high-risk lower third molar. Only with 
this 3D image the exact correlation between the roots 
of the third molar and the mandibular canal can be 
determined. When it’s known this correlation the 
surgeon can foresee the risk of damaging the IAN.
AIM
The aim of this research is to demonstrate the 
necessity of CBCT – examination for evaluation of 
the surgical approach of high-risk impacted lower 
third molars. As “high-risk” we defined lower third 
molars which have signs of proximity to the mandib-
ular canal seen on standard panoramic radiography.
MATERIALS AND METHODS
All patients who had undergone a CT examina-
tion between September, 2015 and October, 2016 were 
reviewed. We included images from cone beam com-
puted tomography made in the Department of Ra-
diologic Diagnostics, University Medical and Dental 
Centre of the Medical University of Varna. The de-
vice used was Planmeca ProMax 3D Max with soft-
ware for images Planmeca Romexis. We chose 100 
images randomly and from them:
 30 CBCT images without lower third molars
 31 CBCT images with lower third molars with-
out communication to the mandibular canal
 39 CBCT images with high-risk lower third 
molars
In our study we included these 39 CBCT imag-
es and examined the variations in the position to the 
mandibular canal of 60 lower third molars. The as-
sessment of the position we made using the signs ap-
proved from Öhman et al. (12)
 The course of the mandibular canal: The course 
of the mandibular canal was classified as buc-
cal, lingual, inferior, or inter-radicular.
This gives the clinician the opportunity to determine which lower third molars are “high-risk” teeth and to 
choose the best method for surgical treatment.
Keywords: cone beam computed tomography, retention, impacted lower third molar, impacted wisdom 
tooth, inferior alveolar nerve (IAN), damage of IAN, surgical treatment
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 Proximity of mandibular canal and lower third 
molar
 Narrowing of the mandibular canal in the area 
of the apices or in the point of contact the man-
dibular canal shows a preserved diameter 
 “Grooving” indicates the presence of concavi-
ty or invagination of the root in which the ca-
nal was situated
 “Hook” indicated the presence of a deviation of 
the root apex, completely or partially encircling 
the mandibular canal
 Proximity of the lower third molar and the cor-
tical plate of the mandibular canal: poor con-
tact/ contact with thinning the plate/ contact 
with a perforation to the canal/ no contact
For comparison we had the panoramic x-rays of 
20 of these 39 patients.
RESULTS
From the examination of the CBCT images of 
these 39 patients we found:
 28 lower third molars:  the mandibular canal 
runs apical - in the point of contact the mandib-
ular canal shows a preserved diameter; in the 
point of contact the mandibular canal shows 
a smaller calibre and/or an interruption of the 
corticalization
 11 lower third molar: the mandibular canal runs 
apical in contact with the tooth and it’s seen 
penetration of the apices of the tooth -  in the 
point of contact the mandibular canal shows a 
preserved diameter/ in the point of contact the 
mandibular canal shows a smaller calibre and 
an interruption of the corticalization 
- 1 third molar with severe deviation of the root 
apices; with penetration
 10 lower third molar: the mandibular canal 
runs buccal - in the point of contact the man-
dibular canal shows a preserved diameter; 
in the point of contact the mandibular canal 
shows a smaller calibre and/or an interruption 
of the corticalization
 8 lower third molars: the mandibular canal runs 
lingual - in the point of contact the mandib-
ular canal shows a preserved diameter; in the 
point of contact the mandibular canal shows 
a smaller calibre and/or an interruption of the 
corticalization
 3 lower third molars: the mandibular canal runs 
between the roots touching one/both of them 
- in the point of contact the mandibular canal 
shows a preserved diameter; in the point of con-
tact the mandibular canal shows a smaller cali-
bre and/or an interruption of the corticalization
- 2 third molars with severe deviation of the 
root apices; with penetration
We had the panoramic radiographs of 20 pa-
tients on which we found these signs of proximity of 
the tooth to the mandibular canal:
 5 cases with darkening of roots in the apical 
area 
 8 cases with interruption of white line (lamina 
dura) of the mandibular canal
 1 case with diversion of the mandibular ca-
nal with/without narrowing of the mandibu-
lar canal
 6 cases without any of these three signs;  with 
presence of a deviation of the root apex
DISCUSSION
The anatomical proximity of the roots of low-
er third molars to the mandibular canal can cause 
damage to the IAN during surgical extraction or 
odontectomy. 
The extraction of the third molar is the primary 
cause of the permanent neurologic deficit of the infe-
rior alveolar nerve, being even more important than 
implant and orthognatic surgery (5,6). Other less fre-
quent causes of IAN injury reported  in literature are: 
local anaesthesia - IAN block; endodontic treatment 
of lower premolar and molar after overfilling; malig-
nant expansive lesions; metastases; mandibular frac-
tures; local infections; pre-prosthetic surgery (7,8).
The incidence of temporary injuries ranges 
from 3.3% to 13% and represents the third most com-
mon complication after alveolitis and post-operative 
infections (13).
The incidence of permanent lesions of the IAN 
ranges from 0.2% to 9% (13). 
Thus, the injury of the IAN represents a serious 
but infrequent neurologic complication in the sur-
gery of third molars the main reason for which is the 
anatomic proximity of the roots to the mandibular 
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canal. Therefore, this correlation must be examined 
very well with different imaging diagnostic methods. 
An imaging exam is undoubtedly an essential 
tool for diagnosis and surgical management because 
it provides valuable information about the:
 tooth position
 number and morphology of the roots
 relationship of the tooth to adjacent structures, 
especially to the mandibular canal
Studies suggest that seven specific signs ob-
served on panoramic radiograph are reliable ways to 
assess the relationship between the third molar and 
the mandibular canal (14,15).
1. darkening of roots; 
2. deflection of roots; 
3. narrowing of roots; 
4. bifid root apex; 
5. diversion of canal; 
6. narrowing of canal; 
7. interruption in the white line of the canal
However, the presence or absence of these ra-
diographic signs does not always determine the pos-
sibility of injury to the inferior alveolar nerve (IAN). 
This indicates that a panoramic radiograph does not 
have a high diagnostic accuracy when used in the as-
sessment of risk in surgical extractions of lower third 
molars. This determines use of CBCT for diagnostics 
when a complicated extraction is suspected.
CBCT is a radiographic method for examina-
tion used in different dental medicine areas.CBCT 
is well suited for imaging of the craniofacial area. 
It provides clear images of highly contrasted struc-
tures and it is extremely useful for evaluating bone 
(16,17). The use of CBCT technology in clinical prac-
tice provides a number of potential advantages for 
maxillofacial imaging compared with conventional 
CT (18-28).
 Reduced size of the irradiated area by collima-
tion of the primary x-ray beam to the area of 
interest minimizes the radiation dose. Most 
CBCT units can be adjusted to scan small re-
gions for specific diagnostic tasks.
 Image accuracy: The volumetric data set com-
prises a 3D block of smaller cuboid structures, 
known as voxels, each representing a specific 
degree of x-ray absorption. CBCT units provide 
voxel resolutions that are isotropic and equal in 
all 3 dimensions. The size of the voxel is from 
0.076 mm to 0.4 mm and this produces submil-
limetre resolution ranging from 0.4 mm to as 
low as 0.125 mm (29).
 Rapid scan time: Because CBCT acquires all ba-
sic images in a single rotation of 360°, scan time 
is rapid - 10–70 seconds. Although faster scan-
ning time usually means fewer basic images 
from which to reconstruct the volumetric data 
set, motion artifacts due to subject movement 
are reduced.
 Dose reduction
 Display modes unique to maxillofacial imaging
 Reduced image artifact and  low level of metal 
artifact, particularly in secondary reconstruc-
tions designed for viewing the teeth and jaws 
(18).
Many clinical studies search for the correlation 
between the specific signs on panoramic radiograph 
and the neurologic deficit of the IAN post-operative. 
In other studies is searched for the conformity be-
tween the signs on panoramic x-ray and the CBCT 
Temporary IAN injury Permanent IAN injury
Brann CR et al. 1999 13.0% 1.0%
Carmichael FA, McGowan DA, 1992 3.9% 9.0%
Gulicher D, Gerlach KL 2000 3.6% 9.0%
Kipp DP et al. 1980 4.5% 1.0%
Smith AC et al. 1997 5.2% 0.2%
Strietzel FP, Reichart PA 2002 3.6% 0.9%
Wofford DT, Miller RI, 1987 3.3%
Table 1. Incidence of IAN injury after extraction of third molars (9) (Tuzi A., Di Bari R, Cicconetti A, 3D imaging recon-
struction and impacted third molars: case report)
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image of the third molars and their correlation to the 
mandibular canal. The aim is to prove the crucial 
need of 3D images when there are doubts about the 
exact position of the third molar and its relation to 
the mandibular canal (30-38). In our study we found 
conformity between the findings and signs on pan-
oramic radiograph and CBCT-image in 14 from 20 
cases. 
In the study by Gomes et al. (39) no statistical-
ly significant association was observed between the 
presence of the seven panoramic radiographic signs 
and IAN paraesthesia after third molar extractions. 
However, Ghaeminia et al. (29) observed that three 
panoramic radiographic signs  were significantly as-
sociated with IAN exposure. These signs are: inter-
ruption of white line, darkening of roots and diver-
sion of the mandibular canal. Szalma et al. (32) iden-
tified the same three signs and had the same results. 
Nakagawa et al. (40) prove in their study that absence 
of white line on panoramic radiograph was signifi-
cantly associated with an increased risk of contact 
between the third molar and the mandibular canal 
respectively a high risk of damaging the IAN. Ac-
cording to Monaco et al. (35). CBCT should be car-
ried out when one of the three signs on panoramic 
radiograph is existing.
In our study we obtained similar results. On 
the CBCT images we found communication between 
the third molar and the mandibular canal in all cases 
where on the panoramic radiograph we found: inter-
ruption of white line, darkening of roots and diver-
sion of the mandibular canal. We found communica-
tion also in the cases in which these three signs were 
missing on the x-rays. 
These results determine the exceptional neces-
sity of using CBCT for detailed diagnostics and de-
fining the exact position of the mandibular canal of 
impacted third molar. 
All these third molars were defined as “high-
risk teeth” with direct communication with the 
mandibular canal and a possibility of damaging the 
IAN during surgical extraction. 
CONCLUSION
The development and rapid commercialization 
of new technologies like CBCT allows us to have pre-
cise images and exact diagnosis of the diseases in the 
oral and maxillofacial area. The CBCT-images give 
the clinician figures with high spatial details which 
in some cases are with size below millimeters. 
Our study confirmed the high diagnostic val-
ue of CBCT regarding the precise the position of the 
lower third molars compared to the mandibular ca-
nal and IAN. This gives the clinician the opportuni-
ty to determine which lower third molars are “high-
risk” teeth and to choose the best method for surgi-
cal treatment.
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